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(S) Eye stabilizing mechanism for use in opthaimic laser surgery. 



(57) An eye stabilizing mechanism for use with a 
computer controlled ophthalmic laser system 
includes a base on which the ophthalmic laser 
system is mounted. A frame is slldingly moun- 
ted on the base, and the frame is connected to 
the base by a linear spring. A contact lens is 
fixedly attached to the frame and an object lens 
is slldingly mounted on the frame. An object 
lens activating device is also fixedly attached to 
the frame, and this device is connected to the 
object lens to move the object lens in accord- 
ance with preprogrammed instructions from the 
computer. Thus, while contact is maintained 
between the surface of the eye and the contact 
lens, the between the can be moved by com- 
puter control to move the focal lens the laser 
system through selected eye tissue. Also, any 
movement of the frame, due to movement of the 
eye, is opposed only by the substantially con- 
stant force which is established by the linear 
spring between the force and the frame. 
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FIELD OF THE INVENTION 

The present invention pertains to devices which 
are useful for ophthalmic surgery. More particularly, 
the present invention is useful for stabilizing the eye 5 
of a patient during ophthalmic surgery wherein a laser 
system is used to alter selected tissue of the eye. The 
present invention is particularly, but not exclusively, 
useful for maintaining the eye of a patient in a prede- 
termined position relative to the focal point of a laser io 
beam, by physically constraining eye movement dur- 
ing ophthalmic laser surgery. 

BACKGROUND OF THE INVENTION 

15 

Ophthalmic surgery is, unquestionably, one of 
the more complicated and difficult areas of medical 
practice. Though ophthalmic surgery Is not normally 
a life threatening procedure, there is always the pos- 
sibility of irreversible complications. Thus, ophthalm- 20 
Ic surgery must be accomplished with great care and 
extreme precision. 

In recent years, developments in laser systems 
have made new applications and new surgical proce- 
dures possible. One consequence of this is that oph- 25 
thalmic surgery can be accomplished with greater 
surgical precision. Despite the advances in laser tech- 
nology, the use of lasers for ophthalmic surgery still 
has certain operational limitations. Most Importantly, 
it is absolutely essential that the laser be properly 30 
controlled during a surgical procedure. This requires 
that the proper position of the eye relative to the focal 
point of the laser be maintained at all times during the 
surgical procedure. Stated differently, the eye must " 
remain stabilized in its relation to the laser system. 35 

Although laser surgery can be accomplished rel- 
atively quickly, it still requires time. As a practical 
matter, movement of the laser's focal point must be 
accomplished with such extreme precision during a 
surgical operation that even the slightest movement 40 
of the eye can not be tolerated. Unfortunately, it is 
physically impossible for a patient to hold his/her eye 
sufficiently still for the length of time required to ac- 
complish a surgical laser operation. Consequently, 
the eye must somehow be stabilized. 45 

Essentially, there are two ways by which a pa- 
tient's eye can be stabilized or held still relative to a 
laser system during an ophthalmic laser operation. 
One requires an optical link between the eye and the 
laser system, while the other requires a mechanical so 
link. For an optical link, an optical arrangement which 
uses light reflections from the eye to generate signals 
that indicate eye movement is Incorporated into the 
laser system. The laser system then uses these sig- 
nals to compensate for eye movement. U.S. Patent 55 
No. 4,848,340 which issued to Bille etal. for an inven- 
tion entitled "Eyetracker and Method of Use", and 
which is assigned to the same assignee as the pres- 



ent Invention, discloses such an optical arrangement. 
The second way is to mechanically stabilize the eye 
In its spacial relationship with the laser system 
through direct contact of the laser system's optical 
componentry with the eye. U.S. Patent No. 4,71 2,543 
which issued to Baron for an invention entitled "Proc- 
ess for Recurving the Cornea of an Eye" discloses 
such a system. 

Regardless whether the eye stabilizing mecha- 
nism is an optical arrangement or a mechanical sys- 
tem, the mechanism must be compatible with the ca- 
pabilities of the ophthalmic laser system with which it 
is used. In particular, the eye stabilizing mechanism 
must not limit the capabilities of the ophthalmic laser 
system. As can be easily appreciated, compatibility 
issues are even more pronounced when the laser sys- 
tem, as here, is computer controlled. 

In light of the above, it is an object of the present 
invention to provide a mechanism which is useful for 
stabilizing an eye with a. contact lens during oph- 
thalmic laser surgery. It is another object of the pres- 
ent invention to provide an eye stabilizing mechanism 
which is incorporated directly into the optical system 
of a surgical laser generating device. Still another ob- 
ject of the present invention is to provide an eye sta- 
bilizing mechanism which establishes reliable contact 
between the laser system and the eye during oph- 
thalmic laser surgery. Yet another object of the pres- 
ent Invention is to provide an eye stabilizing mecha- 
nism which is operatively compatible with a computer 
controlled laser system. Another object of the present 
invention is to provide an eye stabilizing mechanism 
which does not cause injury or discomfort to the eye 
during surgery. It is also an object of the present in- 
vention to provide an eye stabilizing mechanism 
which is easy to use, relatively easy to manufacture 
and which is comparatively cost effective. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, a de- 
vice is disclosed which is useful with a laser system 
to mechanically stabilize the eye of a patient during 
ophthalmic laser surgery. The major components of 
this device include a base member, a frame member 
which is slidingly suspended on the base member, 
and a movable objective lens which is slidably mount- 
ed on the frame. Additionally, there is a contact leris 
that is fixedly mounted on the frame. This contactlens 
is contoured to conform to the surface of the eye for 
stabilizing engagement with the eye during surgery. 

A compensating device, such as a linear force 
spring, connects the frame to the base member. Con- 
sequently, any sliding movement of the frame, and 
the objective lens along the base is opposed by the 
substantially constant force that is created by the 
spring. With this system, as the contact lens is initially 
positioned against the surface of the eye, a compen- 
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sator force dependent on the substantially constant 

spring force Is established between the contact lens 
and the eye. Thereafter, the force that is equivalent to 
the substantially constant spring force is maintained 
between the eye and the contact lens during any sub- 5 
sequent movement of the eye relative to the base. 

As intended for the eye stabilizing mechanism of 
the present invention, a computer controlled laser 
system is provided which directs its laser beam 
through both the object lens and the contact lens. io 
However, in order to control movement of the laser 
beam's focal point through selected eye tissue, the 
objective lens must be moveable relative to the con- 
tact lens. Consequently, an objective lens activating 
device, such as a galvo or a voice coil, is mounted dl- 15 
rectly on the frame and is connected to the objective 
lens to move the objective lens in accordance with 
preprogrammed instructions from the computer. 

In addition to the substantially constant force 
which the mechanism of the present invention main- 20 
tains between the surface of the eye and the contact 
lens, it can also include suction means for holding the 
contact lens against the surface of the eye. This ad- 
ditional feature can be established by forming chan- 
nels in the frame which have openings near the per- 25 
iphery of the contact lens. A vacuum pump can then 
be connected in fluid communication with the chan- 
nels via a flexible tube to establish a suction effect 
against the surface of the eye at the peripheral chan- 
nel openings. When the eye's surface is in contact 30 
with the contact lens, this suction helps hold the eye 
against the contact lens. 

In an alternate embodiment of the present inven- 
tion, the frame can be fixedly mounted to the base 
with the contact lens slidably mounted on the frame. 35 
The stabilizing force between the contact lens and the 
surface of the eye can then be established by the 
weight of the contact lens and its support structure. 
For the alternate embodiment of the present inven- 
tion, the mechanism also includes a first sensing 4o 
means for locating the position of the contact lens rel- 
ative to the frame, and a second sensing means for 
locating the position of the object lens relative to the 
frame. Again, the laser system is computer control- 
led. For the alternate embodiment, however, the com- 45 
puter uses signal from both the first and second sens- 
ing means to control movement of the object lens, 
specifically, the movement of the object lens is con- 
trolled relative to the location of the contact lens for 
moving the laser system's focal point through eye tis- so 
sue in accordance with preprogrammed instructions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features of this invention, as well as 55 
the invention itself, both as to its structure and its op- 
eration will be best understood from the accompany- 
ing drawings, taken in conjunction with the accompa- 



nying description, In which similar reference charac- 
ters refer to similar parts, and in which: 

Figure 1 is a perspective view of an ophthalmic 
surgical laser system which incorporates the eye 
stabilizing mechanism of the present invention, 
with the eyestabilizing mechanism in engage- 
ment with the eye of a patient; 
Figure 2 is an elevational schematic drawing of 
the eye stabilizing mechanism of the present in- 
vention and its connections to the laser system » 
with portions shown in cross section for clarity; 
and 

Figure 3 is an elevational schematic drawing of 
an alternate embodiment of the eye stabilizing 
mechanism of the present invention with portions 
shown in cross section for clarity. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring initially to Figure 1 , an ophthalmic laser 
system is shown and generally designated 10. For 
purposes of the present invention, the ophthalmic las- 
er system 1 0 can be of any type well known in the per- 
tinent art which uses a focused beam of laser energy 
to surgically alter the tissue of any eye. As shown, the 
laser system 10 includes a housing 12 on which a mi- 
croscope 14 is mounted. The laser system 10 also in- 
cludes an eye stabilizing mechanism, generally des- 
ignated 16, which is mounted on a moveable platform 

17 of the housing 12 for movement into contact with 
the eye of a patient 18 by operation of a motor 20. 

Referring now to Figure 2 it will be seen that a las- 
er source 22 is mounted on the housing 12 of laser 
system 10. The laser source 22 can be of any type 
well known in the art which is capable of generating 
an ophthalmic laser beam 24. Furthermore, although 
the specific optical arrangement used to direct the 
laser beam 24 from laser source 22 to patient 18 
through system 1 0 Is not shown, it is to be appreciated 
that any known optical arrangement can be em- 
ployed. The main concern is that the optical arrange- 
ment satisfy the needs of the operator and be com- 
patible for use with the laser source 22 and the gen- 
erated laser beam 24. 

Figure 2 shows that laser system 10 relies on a 
stable structural connection between the laser 
source 22 and eye stabilizing mechanism 16. For this 
purpose, it is shown that the laser source 22 is directly 
mounted on housing 12, and that the housing 12 in- 
cludes a connector 26 which is fixedly attached to the 
base 28 of mechanism 16. As indicated above, how- 
ever, it is necessary to be able to move and position 
the mechanism 16 in contact with the eye of patient 

1 8 at the beginning of a surgical procedure. To do this, 
the activating motor 20 is provided between housing 
12 and connector 26 which is part of platform 17 (not 
shown in Fig. 2). Motor 20 can be of any type which 
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is well known in the pertinent art. And, although motor 
20 can be activated to change the position of the en- 
tire mechanism 16 relative to housing 12, once an ad- 
justment has been made with motor 20, the relation- 
ship between housing 12 and base 28 of mechanism 5 
16 is fixed. 

Still referring to Figure 2 it is to be seen that eye 
stabilizing mechanism 16 includes a -frame 30 which 
is suspended from the base 28. More specifically, an 
upper arm 32 a,b Is fixedly attached to the base 28 io 
and a lower arm 34 a,b is fixedly attc^uhed to ti-.3 
frame 30. A compensating device, such as a linear 
force spring 36 a, b, interconnects the respective up- 
per arm 32 a,b to the lower arm 34 a,b. Preferably, 
this compensating mechanism is a spring device, is 
such as a constant force spring which generates a 
substantially constant force in opposition to any 
movement of the frame 30 relative to base 28 in the 
directions indicated by arrow 38, Through this com- 
pensating device, the frame 30 is suspended from 20 
base 28 and importantly, due to the linear force gen- 
erated by springs 36 a,b, any displacement of frame 
30 from its equilibrium position will create a substan- 
tially constant opposing force. Preferably, this oppos- 
ing force is in the approximate range of from zero to 25 
three hundred grams (0-300 gms). It is to be appreci- 
ated that means known in the art can be used to es- 
tablish a desired value for this force according to the 
needs of the operator. In accordance with the present 
invention, a plurality of compensating mechanisms 30 
36 can be employed. 

An objective lens 40 is slidably mounted on the 
frame 30. More specifically, the lens 40 is held in a 
bracket 42 which has projections {not shown) that en- 
gage with the tracks 44 of a slide 46 that is mounted 35 
on the base 28. It is to be understood that there may 
be a plurality of slides 46, and that each slide 46 in- 
cludes a pair of opposed tracks 44 which engage with 
the projections of a respective bracket 42 to allow a 
sliding movement of the frame 30 relative to the base 40 
28. It is, of course, within the scope of the present in- 
vention to use any other type mechanism which is 
well known in the pertinent art and which allows the 
frame 30 to freely slide relative to the base 28. 

The ophthalmic laser system 10 of the present in- 45 
ventlon also includes a link 48 which mechanically 
connects the objective lens 40 to an objective lens 
actuator 50. Importantly, the actuator 50 is mounted 
directly on the frame 30 for movement with the frame 
30. Preferably, the objective lens actuator 50 is a so 
GALVO, of a type well known in the pertinent art, but 
it can also be any other type actuator which is capable 
of sliding the objective lens along the frame 30 In a 
manner required for operation of the system 1 0, such 
as a voice coil, 55 

Both the actuator 50 and the laser source 22 are 
electronically connected to a computer 52 which may 
be mounted in the housing 1 2 of laser system 1 0. With 



these electronic connections (not shown), actuator 
50 is activated to move objective lens 40 back and 
forth on frame 30 in accordance with preprogrammed 
instructions from the computer 52 for the purpose of 
moving the focal point of laser beam 24 along a pre- 
scribed path for completion of the desired ophthalmic 
surgery. 

Figure 2 also shows that a contact lens 54 is 
mounted on frame 30 along the path of laser beam 24. 
This contact lens 54 is contoured to conform to the 
o^ter surface of the cornea of an eye 55 of th-e pacient 
1 8 and is made of any suitable material which is clear 
and which has minimal light dispersive properties. 
Additionally, it is shown that the frame 30 is formed 
with at least one channel 58 which has an open end 
near the periphery of the contact lens 54. A flexible 
tube 60 is provided which connects the channel 58, 
or all of the channels 58 If more than one channel 58 
Is used, with a vacuum pump 62. Consequently, upon 
engagement of the contact lens 54 with the cornea of 
eye 56, vacuum pump 62 can be operated to create 
a partial vacuum in the channel 58 which will assist 
in holding the eye 56 against the contact lens 54. 

In an alternate embodiment of the present inven- 
tion for an eye stabilizing mechanism, as shown in 
Figure 3, an objective lens 40 is fixedly mounted on 
a bracket 64. The bracket 64, however, is slidably sup- 
ported on a frame 66. Further, this embodiment of the 
present invention includes a support 68 which is also 
slidably supported on the frame 66. A contact lens 70 
is then fixedly mounted on the support 68 for move- 
ment therewith relative to the frame 66. As for the pre- 
ferred embodiment of the present invention, the con- 
tact lens 70 is contoured to conform to the outer sur- 
face of the cornea of the eye 56 of a patient 18. In ac- 
cordance with the alternate embodiment of the pres- 
ent invention, however, the force which is generated 
to maintain contact between the eye 56 and the con- 
tact lens 70 is provided by the weight of the contact 
lens 70 and its support 68. Other mechanisms, of 
course, can be used. The important thing is that a 
substantially constant force be generated between 
the contact lens 70 and the eye 56, Again, this force 
is preferably in the approximate range of from ten to 
forty grams (10-40 gms). 

Though not shown in Figure 3, it is to be appreci- 
ated that a GALVO or some other appropriate activat- 
ing mechanism, such as described above for the pr-e- 
ferred embodiment, is used to move the bracket 64 
and objective lens 40 relative to the frame 66. As 
shown in Figure 3, the alternate embodiment of the 
present invention includes a sensor 72 which is 
mounted on frame 66 for the purpose of sensing 
movement between the objective lens 40 on bracket 
64 and the frame 66. Similarly, a sensor 74 is mount- 
ed on frame 66 for the purpose of sensing movement 
between the contact lens 70 on support 68 and the 
frame 66. 



4 



7 



EP 0 608 052 A2 



8 



of the presently preferred embodiments of the inven- 
tion and that no limitations are intended to the details 
of the construction or design herein shown other than 
as defined in the appended claims. 



Claiins 



A comparator 76 is electronically connected to 
both of the sensors 72 and 74 and, in accordance with 
preprogrammed instructions, the computer 76 uses 
signals from the sensors 72 and 74 to maintain the 
proper distance between objective lens 40 and con- 5 
tact lens 70 during an ophthalmic surgical operation. 
Though no actual electronic connections are shown, 
it is to be appreciated that the comparator 76 is part 
of the electronic system which is schematically 1. 
shown in Figure 1 and designated 52. io 



OPERATION 

In the operation of the present invention, a pa- 
tient 18 is positioned relative to the laser system 10 is 
so that the operator can engage contact lens 54 with 
the eye 56 of patient 1 8. To do this, the operator, while 
viewing the patten^s eye 56 through the eyepiece 14, 
manipulates the adjustment knob 20 to bring contact 
lens 54 of mechanism 16 into contact with the cornea 20 
of the eye 56. The compensating device 36 then es- 
tablishes a substantially constant force between the 
eye 56 and the contact lens 54. If desired by the op- 
erator, the vacuum pump 62 can be activated to cre- 
ate a partial vacuum in the channels 58 to provide ad- 25 
ditional stability for the eye 56 during surgery. Any 
subsequent movement of the eye 56 will be opposed 
by the substantially constant force of the compensat- 
ing device 36 and will cause movement of only the 
frame 30 and the components which are fixedly at- 30 
tached thereto. 

As shown in Figure 2 the frame 30 includes an 
opening 78 and an aperture 80 which establish an un- 
obstructed path for laser beam 24 from the laser 
source 22, through both objective lens 40 and contact 35 
lens 54, and into the eye 56. In accordance with the 
structure disclosed for the preferred embodiment of 
the present invention, the eye 56 is maintained in a 
fixed relationship with the frame 30. Consequently, 
movement of objective lens 40 on frame 30 by acti- 40 
vation of the objective lens actuator 50 results in the 
movement of the focal point of laser beam 24. This 
movement, when accomplished according to preprog- 
rammed instructbns from the computer 52, can be 
controlled to move the focal point of laser beam 24 45 
along a prescribed path in the tissue of eye 56. De- 
pending on the particular laser used, the energy level 
of the laser, its spot size, and the path which is estab- 
lished for movement of the focal point of the laser, 
ophthalmic surgery can be accomplished as desired 50 
by the operator while the mechanism 16 of the pres- 
ent invention stabilizes the eye 56 relative to the las- 
er. 

While the particular eye stabilizing mechanism 
for the present invention as herein shown and dis- 55 
closed in detail is fully capable of obtaining the ob- 
jects and providing the advantages herein before stat- 
ed, it is to be understood that it is merely illustrative 



A mechanism for stabilizing an eye with a contact 
lens and compensating for eye movement rela- 
tive to the focal point of a laser beam during oph- 
thalmic laser surgery which comprises: 

means for supporting said contact lens; 
means for generating a force against said 
supporting means to hold said contact lens 
against the eye; and 

means for moving said focal point along a 
preselected path relative to said contact lens to 
perform said surgery. 

2. A support apparatus for holding a contact lens 
against the cornea of an eye during ophthalmic 
surgery involving movement of a focal point of a 
laser system which comprises: 

a base; 

a frame for holding said contact lens, said 
frame being slidably suspended on said base; 

a compensating device connecting said 
frame to said base for maintaining a substantially 
constant force between said contact lens and the 
cornea of the eye; 

an objective lens slidably mounted on said 
frame; and 

means for moving said objective lens rel- 
ative to said contact lens to selectively move said 
focal point of said laser system. 

3. A mechanism according to Claim 1 wherein said 
supporting means is a frame and said contact 
lens is slidably mounted on said frame for resting 
against the eye. 

4. A mechanism according to Claim 3 wherein said 
force generating means is a weight attached to 
said contact lens. 

5. A mechanism according to Claim 3 or 4 wherein 
said moving means comprises an objective lens 
slidably mounted on said frame for movement of 
said focal point, and said mechanism further 
comprises first means for locating said contact 
lens relative to said frame and second means for 
locating said objective lens relative to said frame. 

6. An apparatus according to Claim 2 or 3 wherein 
said moving means comprises: 

a computer; 

a computer controlled objective lens ac- 
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tuator fixedly mounted on said frame and elec- 
tronically connected to said computer; and 

a link connecting said objective lens ac- 
tuator with said objective lens for movement of 
said objective lens on said frame in accordance 5 
with preprogrammed instructions from said com- 
puter. 

7. A mechanism according to Claim 1 wherein said 
supporting means is a frame and said contact io 

lens is fixedly mounted on said frcirne. 

8. A mechanism according to Claim 7 further com- 
prising a base, and wherein said frame is slidably 
suspended on said base. is 

9. A mechanism according to Claim 8 wherein said 
force generating means connects said frame to 

said base for maintaining a substantially constant 
force between said contact lens and the eye. 20 

10. A mechanism according to Claim 2 or 9 wherein 
said substantially constant force is in the approx- 
imate range of between zero and three hundred 
grams (0-300 gms). 25 

11. An apparatus according to Claim 2 wherein said 
compensating device is a spring. 

12. A mechanism according to Claim 9 wherein said 
frame is formed with an open channel having a 
first end and a second end, said second end of 
said channel being positioned against the eye 
when said contact lens is in contact with the eye, 
and wherein said mechanism further comprises 
suction means comprising: 

a device selectively operable for creating 
a partial vacuum; and 

a tube connecting said vacuum creating 
device with said first end of said channel to es- 
tablish a partial vacuum at said second end of 
said channel to hold the eye against said contact 
lens. 



the laser system; and 

maneuvering the focal point of the laser 
system along the preselected path. 

14. A method according to Claim 13 wherein the sup- 
porting means is a frame and the frame is formed 
with an open channel having a first end and a 
second end, the second end of the channel being 
positioned against the eye when the contact lens 
is in contact with the eye, and wherein the appa- 
ratus fufiher includes a aevic-j seieccjvely oper- 
able for creating a partial vacuum; and the meth- 
od further comprises the step of connecting a 
tube between the vacuum creating device and 
the first end of the channel to establish a partial 
vacuum at the second end of the channel to hold 
the eye against the contact lens. 

15. A method according to Claim 14 further compris- 
ing the step of generating a substantially con- 
stant force between the contact lens and the eye 
wherein the substantially constant force is in the 
approximate range of between zero and three 
hundred grams (0-300 gms), 

16. A method according to Claim 13 wherein the focal 
point is maneuvered along a preselected path for 
intrastromal photoablation. 



30 1 7. A method as recited in Claim 1 3 wherein the focal 
point is maneuvered along a preselected path for 
a phacoemulsification procedure. 



35 



40 



13. A method for stabilizing the eye of a patient dur- 45 
ing ophthalmic laser surgery using an apparatus 
comprising means for supporting a contact lens, 
means for generating a force against the sup- 
porting means to hold the contact lens against 
the eye, and means for moving the focal point of 50 
a laser system along a preselected path relative 
to said contact lens; the method comprising the 
steps of: 

positioning the contact lens against the 
eye; 55 

locating the objective lens to the laser sys- 
tem relative to the contact lens to establish a pre- 
determined starting position for the focal point of 
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